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1 
This invention relates to devices that conduét 
electric current more readfly in one direction 
than in the opposite direction and fo methods and 
means of making such devices. It relates more 
particularly to such devices which include a body 
of germanium material. 
Electronic asymmetric conductors of electricity 
may be divided into tvo general classes, i. e., 
those in which contact is ruade between bodies 
of different electrical conductivity (1) over a 
relative]y Wide area or (2) af a point or several. 
discrete points. In either casethere is a bound- 
ary condition between the bodies that inhibits 
current, passing in one direction more than in 
the other. This invention is concerned with both 
types of conductors, but deals more in detafl with 
the point contact type. In devices of the point 
contact type, a point, usually of a .metallic con- 
ductor, is pressed against a surface of a body of 
semicondu.ctive material. Such devices bave 
been called crystal detectors, or crystal rectifiers 
aïd also point contactdetectors, or point contact 
rectifies. 
It bas been round that a rectifier having par- 
ticniarly desirable characteristics may be ruade 
by employing a metallic point contact fo a 
germanium body. Germanium suitable for rec- 
tifiers may be of n-type or p-type. In a rectifier 
using n-type material, the greater fiow of current 
occurs when the body or crystal is negative with 
respect fo the point. Conversely, if the greater 
fiow occurs when the crystal is positive the crystal 
material is said to be of p-type. The n-type 
material bas a much higher rectifying capabflity 
than the p-type. 
If is an object Of this invention fo improve the 
characteristics, particularly the electrical char- 
acteristics, of gemnanium type rectifiers. 
A further object of this invention is the pro- 
duction of a germanium, point-contact rectifier 
capable of withstanding relatively high voltages 
in the reverse direction. 
One feature of this invention resides in the 
use of germanium of high purity containing con- 
trolled, extremely small amounts of certain ira- 
purifies such as arsenic, antimony, phosphorus, 
or bismuth. For example, in one illustrative 
embodiment of this invention, arsenic of the 
order of 0.00005 per.cent but hot more than 0.001 
per cent may be utilized. In another fllustrative 
embodiment, antimony of the order of 0.001 per 
cent but hot more than 0.01 per cent may be 
employed. Comparable percentages of phos- 
phorus or bismuth may be used. 
" Anth..e/feature of the invention involves heat 
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2 
treatment of germanium material under such 
controlled temperature, rime, and environmental 
conditions, as to produce superior characteristics 
for ifs use in rectifier devices. 
 The foregoing feature includes heat treatment 
that converts n-type germanium fo p-type or 
p-type fo n-type, or more generally a series of 
heat treatments that will convert either tYpe to 
the other and reconvert if if desired. 
10 Inasmuch as the n-type germanium appears 
from many viewpoints fo be more desirable than 
the p-type for rectification purposes, one feature 
of the invention involves a casting technique 
that produces an ingot containing both p and 
15 n-type material, plus a heat treatment which. 
converts the p-type to n-type, thereby greatly 
increasing the yield of material suitable for cer- 
tain types of rectifiers. 
The foregoing and other objects and features 
0 of this invention will be understood more clearly 
and fully from the following detafled description 
of exemplary embodiments thereof with reference 
fo the accompanying drawing in which: 
Fig. 1 is a sectional view of a furnace suitable 
25 for usein one stage of the process in accordance 
with one feature of the invention; 
Fig. 2 is a sectional view of .a portion of a fur- 
nace and of auxiliary means employed in another 
stage of the process; 
80 Figs. 3 fo , inclusive, are conventionalized sec- 
tions, in accordance with the accompanying 
legend, of ingots of germanium materials .after 
different heat treatments; 
Fig. 8 fllustrates one form of an area contact, 
5 asymmetric conductor made of two types of 
germanium material, the types being indicated 
in accordance with the adjacent legend; 
Fig. 9 fllustrates one form of peint-contact 
rectifier embodying this invention; and 
,io Fig. 10 illustrates another form of point-con- 
tact rectifier embodying this invention. 
The crystals employed in the making of asym- 
metric conductors in accordance with this inven- 
tion are cut from suitable portions of ingots of 
5 germanium material. The ingots may be pre- 
pared from germanium dioxide in a furnace such 
aS the one illustrated in Fig. 1. The furnace 
which is used in a horizontal position comprises 
a tube |8 of silica or like material, provided with 
50 a water-cooled head | and a heater |2. The 
head | | is provided with cooling coils |$, a cover 
| and a gas inlet  and is joined vacuum-tight 
fo the tube | by packing |8. A shield tube |8 
of silica or other suitable material is secured fo 
 thWhead |4 and contains a thermocouple ], 
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The head I is provided also with a gas outlet heated or cooled progressively by graduai rë 

20 and a viewing window 2 l. 
The heater i 2 may comprise a coil of resistance 
wire 22 wound on a suitable form 23 and having 
terminals 24. 
The material 23 tobe processed, in this case 
germanium ,dioxide, is contained in a dish or boat 
26, which may be oï porcelain or other suitable 
material which will not react unfavorably with 
the material being processed. 
An illustrative reduction of ermanium oxide 
may be carried out as follows: Aboutï5 grains 
of the oxide 23 are placed in g porcelain dish 
23, which is put into the tube- 10, which is then 
sealed by means of the cover 14..After the 
furnace tube is fiushed with pure dry hydrogen, 
the oxide is heated to 650 ° C. and held at this 
tomperature for three hours while a fiow of hy- 
drogen of about 10 litres per minute is main- 
tained. During the nex hour the temperature 
is raisel to 1000 ° C. to complete the reduction 
vith the germanium in the. liquid state. The 
charge is then rapidiy cooled to room tempera- 
ture. leduction by this process results in a 51- 
grain body of germanium, which may subse- 
queïtly be broken into lumps or pieces of con- 
veniènt size for the next step. 
The next treatment may be carried out in an 
induction furnace, portions of which are illus- 
trated in Fig. 2. This furnace is simflar to the 
ofie illustrated in Fig. 1 but is employed in the 
vertical position aïd is provided with movable 
induction heater. 
As shown in Fig. 2ç the furnace tube 10, the 
lowër portion only of which is shown, is sur- 
rounded by the coil 30 of an induction heater. 
The coil 30 is provided with suitable means for 
raising or lowering it with respect to the furnace 
clïarge. For example, this means may be a hoist 
imprising a platform 3 I, cable 32 and hoisting 
mechanism 33.. 
The crucible assembly, which is plgced in the 
heating zone of the furnace tube on a bed of re- 
fractory material 34 such as aluminum 0xide, 
may comprise a crucible 3, a graphite heater 
36 and a cylinder 31 of sflica or oher like suitable 
material. The graphite heater is employed be- 
cause germanium will not heat by direct induc- 
tion. The cylinder 31 protects 1ïe furnace tube 
and rduces radiation 10sses. 
Ttïe furnace charge may be either germanium 
material with the addition of about 0.1 pe r cent 
tin in a porcelain or like crucible or gemanium 
m,aterial without the tin, in a graphite crucible. 
After locating the crucible assembly in.the fur- 
nace, the furnace tube is closed and flushed with 
dry tank helium. With a helium flow of one 
litre per minute, the charge is first liquefied and 
then solidifled from the bottom upwardly by 
raising the external induction coil at the rate of 
/ inch per minute keeping the power input 
through the coil at a constant value. After the 
ingot has reached 650 ° C. the power is shut off 
and the ingot is allowed to cool to room tempera- 
tare.. Although the use of helium is preferred 
this step of the process may be carried out in 
a vacuu121. 
Under some conditions and for some purposes 
it may be desirable to perform boh of the heat- 
ings in the saine furnace. This could be done 
m a furnace such as is shown in Fig. 2. The re- 
duction of the oxide to gemanium would 'be 
cï0ne vithout moving the heater cofl. Then the 
melt could either be allowed fo cool ad be re- 

moral of the heater. 
Ingots made in accordance with the forego- 
ing procedure contain germanium material which 
5 may be characterized as of three different types 
separated into zones. The three different types 
of germanium material, which are reall only two 
types, p-type and n-type, With tle latter arbi- 
trarily divided into a high-back-voltage and a 
10 low-back-voltage type, are characterized by cer- 
tain electrical properties. These electrical prop- 
ert2es may be determined by making an electric 
probe test on a suitably prepared surface of a 
longitudinal section of the ingot. An ingot ruade 
15 from germanium material to which 0.1 per cent 
tin has been adled belote or during melting bas 
zones as illustrated in Fig. 3. As may be seen 
with reference fo the accompanying legend, the 
bottom portion and part of the sides of the ingot 
0 which solidified first areof p-type material. The 
central section is of n-type material, which will 
stand a relatively high-back-voltage when uséd 
in a rectifier, and the top port2on is also n-gypé 
material but of a lower back voltage. Ingots 
5 ruade from germanium materia[ process¢d in a 
graphite crucible with no tin added to the melt/ 
are round to bave zones as fllustrated in Fig. 4. 
In .tlïis material there is a smaller amount o 
p-type material, which is usualiy segregated-into 
30 small islands near the bottom of the ingo. The 
low-back-voltage n-type material occupies a 
somewhat smaller zone at the top than ïs tlïe 
case with germanium-tin materiaL The 
maindér of the ingot is high-back-voltage n:ype 
35 material. In both ing0ts, the low:back-voltage  
n-type material has a reverse peak voltage of tle 
order of about 10 to 50 volts. The high-back- 
voltage n-type material ranges from 50 to 60 volts 
back voltage adjacent the top to 100 to 150 volts 
40 back voltage adjacent the bottom in thë 
germanium-tin ingots and to 100 to 4ï5 volts back 
voltage adjacent the bottom in the germanium 
ingot treated in a graphite crucible. The p-type 
material, which does not appear to be as good a 
rectifying material for some purposes as the 
45 n-type, wfll withstand back voltages of the order 
of about 10 volts. 
Although the illustrations of Figs. 3 to 6, in- 
clusive, show sharp lines of demarcation between 
zones, this is strictly true only between the p 
50 and n-type materials. Here there is an abrupt 
change from p to n-type across what amounts 
to a barrier. The ï_-type material near the p-type 
will withstand relatively high-back-voltages such 
as the 4ï5 volts previously noted. As the top 0f 
55 
the ingot is approaclïed the back voltage beomes 
lower. The line shown between the two zones of 
n-type was arbitrarily piCked at about 50 v01ts 
back voltage. The ingot contains greateramounts 
60 af impurity as the top is approached, !..e., .the 
direction of cooling, and in some cases there is 
suïcient impurity near the top to g!ve the ma: 
terial a low-back-voltage characteristic. 
If an ingot such as those slïown in Fig. 3 is 
65 heated to about 800 ° to 900 ° C. and Coold raPidiy, 
e. g. air quenched in about fifteen minutes, most 
of the high-back-voltag e n-type material, excePt 
for a smll region adjacent the top of tlïe ingot 
is chaged to p-type material as illustratêd-in 
70 Fig 5. By subsequently heating tlïe raPïdiy 
cooled ingot at froi:a 400 fo 700 ° C. or lJy Slowiy 
c001ing foïï about 800 ° C. the p-type germanium 
may be entirely transfo.rmed to he highJ-bçk  
voltage n-type. Thus the ' germanium materiál 
75 my be covergëd irït ail-n-typë-matdri] 0 



high-back-voltage characteristic except for a 
small portion adjacent the top of the ingot as in 
Fig. 6. 
Germaninm material containing only a very 
slight trace of .a donor impurity such-as arsenic, 5 
which is luter discussed, and melted in a grphite 
crucible with 1o tin added, will have all of its 
n-type material of the high-back-voltage type 
An ingot of such material }vhen treated to conver 
vhatever p-type material there iS to n-type will 10 
be all of high-back-voltage n-type as illustrated 
in Fig. ï. if there is a higher amount of 
purity there ,may be some low-back-voltage, ma- 
terial, near the top. Since specimens.of both tin 
addition and graphie crucible types Of ger-15 
manium materia! when heated fo 900 ° C. and 
rapidly cooled bave substantially the saine prop- 
erties as those trea.ted similarly at 800 ° C., the 
lower tçmperature may ordinarily .be used for 
reasons of convenience.. 
In samples converted fo P-type by rapid cool- 
ing from 800 ° C. and reheated at lower temper- 
aire'es, if was round that below 400 ° C. no sub- 
stantial changes in the characteristics of .the 
p-type, materials are obtained for periods of 25 
treatment up to about four hours; between 450 ° 
C. and 650 ° C. the p-type germanium is converted 
sl0wly to strongly rectifying n-type .germaniun 
of high-back-voltage characteristic; at 500 ° C. or 
600 ° C. the p-type.germanium is nearly all con- 
verted to n-type in about four hours, complete 
transformation occurring within about twenty 
hours. The rate of conversion from p-type to 
high-back-voltage n-type germanium is depend- 
ent upon the temperature and appears to be 35 
maximum at about 550 ° C. At 450 ° C. or 650 ° C. 
the conversion is incomplete even after twenty 
hours ai these temperatures, whereas at 550 ° 
conversion is complete in about four hours. If 
an n-type material ingot is heat treated at about 
700 ° C. the bottom portion only is converted to 
p-tyPe leaving n-type material of high-back- 
voltage above the p-type material. As in the 
original ingot there is a sharp line of demarca- 
tion between the p and n-type. Thus, a piece 45 
 of material could be cut from the high-back- 
voltage n-type zone and heat treated to make 
the portion which had been at the bottom with 
respect to the ingot of p-type leaving n-type at 
the top. This material could be used for making 50 
conductive devices such as shown in Fig. 8 and 
which are luter more fully discussed. 
The heat treatment for converting one type of 
germaniumto the other is completely reversible 
so thatcm]version in ëither direction may be ob- 
tained at will by suitable treatment. For ex- 
ample, the high-back-voltage n-type material 
obtained by means of a previously described cycle 
oî treatment ray be reconverted to p-type by 
heating to 800 ° and rapidly cooling. Also, if 60 
high-back-volage n-type germanium is desired, 
it may be obtained directly from the ingots, as 
illustrated in Figs. 3 and 4 by employing the low 
temperature heat treatment ai about 550 ° C. or 
by slowly cooling from 800 ° C. 65 
To determine whether heat treatment produced 
a phase transformation in the germanium 
terial, the crystal structure of p and n-type 
specimens prepared by heat treatment of adjacent 
sections from an ingot were given an X-ray 7o 
examination. The structures were, however, 
identical, the lines obtained being in agreement 
to those reported in the literature for the diamond 
cubic germanium lattice. Subsequently precision 
masurements wee ruade oî the lattice constant 

of these saine samples; but agafl no differenceS 
were noted. 
OEtis believed that this invention may be under- 
stood more fully if some of the possible reasons 
îor the behavior of the germanium material urder 
heat treatment are discussed. Semiconductors 
such as are employed in ch'y rectifiers and like 
devices bave been classified as excess semiconduc- 
tors or as deficit semiconductors. These two 
types have also been called e!ectonic semiconduc- 
tors and hole semiconductors. The theory is 
that certain impurities in a substance upset the 
electronic balance of the atomic structure by the 
addition or subtraction of electrons. The type 
of conductor where elëctrons are added is the 
s0-called excess type, and the impurity which 
gives this type of conductor is known as a donor 
imptu'ity, in other cases, the impurities abstract 
enough electrons îrom the principal substance 
fo give the unbalanced or unstable condition 
which causes carrent to fiow. This is the deficit 
type of semiconductor and the impurity which 
causes the deficit by abstracting electrons is 
known as an acceptor impurity. 
Before further discussion of the éffect Of the 
donor and acceptor impurities, it may be well to 
note that the geïmanium materials under con- 
sideration in many respects behave similarly to 
precipita.tion hardening alloys. Such all0Ys con- 
tain a constituent whose solid soiubility increases 
with increasing temperature. If such alà alloy 
oî a given composition is then heated above the 
solubility temperature, the solid solution may be 
retained in a metastable state at room retapera- 
tare by cooling rapidly. On reheating to a tem- 
perature below the solubility temperature, the 
unstable solution decomposes, pïecipitating a new 
phase from solution with resultant changes of 
physical and electrical properties, in the present 
instance the formation of p-type germanium by 
rapid cooling raay result from the retention of an 
impurity in solution whfle formation o£.n-type 
germanium may result from precipitation of this 
impurity from solution. 
The known donor impurities for germanium 
are arsenic, antimony, phosphorus, and bismuth, 
or in other Words, the members of the odd series 
of the fifth periodic group accordlng to 
iViendeleeff, it has been round that material con- 
sidered to be essentially pure germa.nium con- 
tains very small azounts of arsenic and phos- 
phorus. Such material bas been successfully 
used for making germanium crystals for recti= 
fiers of n-type rectification. I-Iowever, when 
these impurities were removed no n-type recti- 
fication was obtained regardless of the treatment 
oî the material. 
Furthermore, it bas been round that if proper 
impurities are added to this material from which 
impurities bave been removed, n-type rectifica- 
tion can be again obtained. For example, small 
amounts of arsenic, antimony, and bismuth bave 
been added to such materials with satisfactory 
results, in view of the foregoing it seems reason- 
able to believe that he donor impurities previ- 
ously noted are responsible for n-type rectifi- 
cation of germanium, if seems probable that an 
acceptor impurity exists which tends to produce 
p-type rectification, in the region of the ingot 
which is n-type, the donors are in excess and in 
the region of the ingot which is p-type, acceptors 
are in excess. 
To explain the inversion in the rectification of 
germanium which occurs on heat treatment, it 
necessary fo assume thç either he çlonor or 
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fêdept0rs can bê thermally ctivated. Assuming 
that the acceptors are activated by hea treat, 
mént at 800 ° C. and are retained in this state 
bY..alid Cooling t6 room temperature, thon those 
portions f thWingot Which have a higher con- 
centration of active acceptors than of donors, will 
bave p-tYpe ectification. 
]ecadse Of differences in the rate of segrega- 
tiom OZ tw0 impuritiês or solidifying an ingot 
fr0m the bètt0m upward, the relative concen- 
tration of thê impurities, may vary af progressive 
16Cati0ns in th e ingot. For example, the donor 
nà& F have a lower Concentration t thé bottom 
of the ingot than the accePto, anal still be in 
ecés of the accept0r hiher in the inot. Under 
h_esë Conditions an ingot, hèat treated as above, 
may h.aFe p-tFpe rectification near the bottom 
wherWthe acceptor i in éxcess, and n-tyPe rèti- 
fi6atioh af 10ati0ns bicher in the ingot where the 
donor is in excess. The line of demarcation be- 
twëèn p and n-tYpes is sharply defined. This 
aff0d s a n exp!anation for the shel of p-type 
manium round in certain initial inos before 
further heat treatment. vidently ttïe c0olin 
conditions, which occur in the normal co01in 
cYCl e, re such that an ecess of active accepor 
Present.in the first material fo freeze and the 
materiat is P-tpe. DUe t0 differencës in sere- 
ati0n ratës, as freezing progresses, the ionor 
conèïtation rapidly ovetkes the active accép- 
to c0ncenration and an inversion fo n-type 
mànium Ocurs: If after thë 800 ° C. heat treat- 
mënt» thë inét is subsequently heated af about 
500  . he aCêpt0s are deactivated and in Con- 
sèquençe tte donor impurities are in Virtual 
cess throuhout the ingot and only n-type rec- 
tïfiCati0n is obsm'vi. 
An alténative explanation of the heat treating 
Phn0ïëna involves the assumption that the do- 
ï0.r_s ae deactivated by appropriate thermal treat- 
ment. The reasoning is analogous in the former 
ë ècept that n0w the 800 ° C. treatment deac- 
tiïates the donors and rapid cooling retains their 
inactive form, while subsequent lieating ai about 
500 ° C.. resul in conversion I the active form. 
T.0 .eplàin complote conversion fo n-type ger 
manium by the 500 ° treatment, if is now neces- 
Sary t6 P0stulatë that the active donor concen- 
tratio is eVerYwhere in excess of the acceptors. 
Siice in some cases the 800 ° C. treatment results 
i 0nly a partial conversion t0 p-type germanium, 
if is necessary fo suppose that ai high concen- 
trti0ns the donjors are incompletely leactivated. 
,Although both Of these explanations are in 
agemen with the experimental evidnce, the 
conceit o thermaliy dea.ctivted accePtors is pro - 
ferred, because if is compatible with the Solid 
s01ilbilit concept previously referred to. In 
erkl i bas been observed hat impurities which 
form B01id s01utions with semiconductos, ré- 
dude thir resis_tivity and tend to produce Stréngl: 
reCtifyifi materials. Since p-type rectification is 
obsërved in inots rapidly c0oled from 800 , 
seems reasdnabie that the acept0rs, Which aoe 
held in Solid solution by this process are aCti- 
vated. The conversion to n-type ermanitun by 
heatin ai 500 ° C. may thon be lue t0 th deaoti- 
vati0n Of th acceptJrS by precipitation frofid this 
unstablë S6lid solution. 
Although no-acceptor impurity has been dëfiï 
nitely identified; if is 9eas0nab]e to suspect that 
this impurity, or one of them may bë 0xygC. 
Thernial tansforrnations are knoWn to occu in 
grmanium oxide near 500 °. C.. lY£óreover, inots 
ruade in graphite crficibles bave much lesS tend 

eïicy to form p-tpe germanium, and this maF 
bë due td an initially 10wér oxygen content in 
consequence of the reducing nature of the graph ï 
ire. Furtherm0re, siice the tin in the germani- 
 um-tin compositibn bas been round fo perform 
no functi0n in ttie finihed material fom the 
elect-icàl vieWpoint, most of the tin being segre, 
gated in the generally uusable top portion 0f 
the ingot, iï seems reasonable fo believe that tin 
10 may aIso act as a deoxidier although hot fo ttië 
saine êxtent a the graphite. 
SinCë the presence of p-type gCmanium is 
hought fo be due fo an acceptor impurity, flch 
as Oxygn» if follows that if this impUrity cëtfld 
1 be completel eliminát:ed from the ingot» énI 
n-type germanium would be fond, irrespèctiVe 
of the ttiermal history of the ingót, on thè 0the 
hand» he eoncentation of ttie donor imptlritie 
might be increased stifficiently without changin 
20 he acceptor concentration S0 ttiat an ingot 
ing only ntype rectification cêuld bè produced. 
This has been f0und fo be actually the case; 
because of the higher total impurity Content 
such ingots» the Peak back voltages are reduêegi 
25 t0 undesirably low values. For exampe, notê 
low-backvoltage n-type material at the to5 bf 
the inots illustrated in ligs. 3 and 4, which ïfla 
terial is hot changeï2 fo p-tpe (Fi. 5) n0 t0 
highback-v01tage n-tyPe (Fig. 6) by §ubselën_t 
30 heat tèatments. This maï be due t0 a¢tditiori-at 
d0nor irhpurities carried by the çin vhich 
aided or fo inteiitionlly addèd impurlty. 
After processing, thè ingot of gêrmanium ïa 
terial may be cu into iall bodies Or 
35 for use in rectifiers. Altiouh the prefered 
terial is the ntpe high-bäck-oltagê mateial, 
since if may be used to mke a ectifier of hih 
'ecification ratiO, thë 8thèr mateïal wfll al0 
make a rectifièr device. Also, if an ingot uch 
40 as is sh0wn in Fi. 3 bè cut s0 that a slab Or body 
contains b0th n and P-typë mateial an krêa 
contact ër volume type rectifier such as disCi0Sëd 
in Fig. S may be ruade. In this fiUre, the släb 
is ruade up of a p6rti0n  Of high-back-v0]tagë 
45 n-type material, and. a portion 4! ofp-type ma 
terial separated by a barbier 46, eleetr0dës  and 
3 are ecured respectiveiy to the tw0 siies of 
the levicê; and lead  and  secued, as by 
solderiflg for examplé, fo thë respective èlè- 
50 tr0des. Besidès being a rectifier thWdevicé iilfis« 
trted in Fig. 8 also exhibits photoelectric 
orties when irradiated af the boundäry  be- 
tween the two types Of ei'manium af { ni . 
As prviously n0ted; an n,type s]ab may be suit- 
55 ably treated to obtain a cënductor like thiS. 
Che form, which the Pointc0ntact type of rec 
tifier may take, is illustaed in Fig. 9 in hich 
a main housing { of  cermic Or like insulating 
material is provided with metklli end pieces or 
60 members   and , whih screw into thê oPposite 
ends of the housing {. Thè rectifier etements 
are carriêd on the respective end of pins  and 
4, fitted into bores in the end pieces  and . 
A crystal element §, which may 1Je metal-coatëd 
65 on Che side, for example with c0pPer, i securèd 
to the end of the pin 3, which may be of bräss, 
and an $-shaped contac spring 6 is secured to 
the end of the pin 4 which may als0 be of brass. 
The spring contact §B may be of tungstèn siit, 
70 ably poirited af the end which makes contact 
wittithë crystal §§. The parts are adjuted bY 
tiitable positiónii3g of the Pins  and  and 
are thon belli in place by means of the set Scrèws 
? ahd 8. The adjustmehts kre arried on al0n 
7 with electrica.1 stAbilizing ïmtil ttdê dèice 
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.hibits the characteristics desired for a pa.rticular 
purpose. After the adjustments are completed, 
the units are vacuum impregnated with a suit- 
able mixture such as a wax through the orifice 
$ in the body }.  Connection may be ruade fo 
the reduced p0rkion of the end pieces 5 and 
by means of friction type connectors } and 
A sealed unit similar in some ways to Fig. 9 

an .ingot having zones of material of different 
electrical polarity, cutking a body from either 
zone of the ingot, and making electrical connec- 
tions to spaced porkions of said body. - 
2. The method of making an asymmetrical 
electrical conductor that comprises preparing a 
melt of germanium including a trace of an.im- 
purity consisting of at least one of the elements 

is shown in Fig. I0. A body 7 of phenolic con- of the odd series of the fifth peri0dic group 
densation product or like material has sleeves or 19 according fo 1Vïendeleeff, in a substankially oxy- 
cylinders 71 and 72 molded in opposite ends gen-free atmosphere, said melt being in a grap.h- 
thereof. Studs 78 and 7 of brass or like mate- ire crucible, cooling the melt fo ïorm an ingot 
rial, which are a press fit in the slee-es  I and %2, having zones of material of different electrical 
carry respectively the crystal . and the spring polarity, cutting a body f.rom either zone of the 
contact element 78. The studs 7 and ï,ï a.re 15. ingot, and making electrical conneckions to 
forced into the sleeves  I and 72, respectively, in . spaced portions of said body. 
positions for s[dtable operation of the device, as 3. The method of making an asymmetrical 
letermined by appropriat electrical measure- electrical conductor that Comprises preparing a 
ments. The studs are then secured in their re- melt of germanium including a trace of an im- 
spective sleeves by means of solder as shown at 20 purity consisting of ai least one of the elements 
77 and 78, respectively. The device may be vac- of the odd series of the fifth periodic gr0up 
uum imprenated with a suitable wax or watt- according fo Mendeleeff, in a substantially oxy- 

like mixture through the orifie "/9. Connectors 
80 and 81 making a frictional fit with or other- 
wise secured to the sleeves 71 and 72, repec- 
tively, may be used for making e]ectrica! connec- 
tion fo the rectifier device. 
In a deviee such as is shown in Fig. 9 low ca- 
pacity across the unit is obtained by means of 
low dielectric constant insulating material and 
small diameter of the parts. 
Crystal e!ements, such as  and 7 of the 
vices shown in Figs. 9 and I0, respectively, may 
be prepared for usé belote asembly by lapping 
the surface to which contact is tObe ruade on a 
suitable smooth surface with a fine abrasive. 
The surface may then be etched. A Suitable 
etchant may comprise I0 cubic centimeters of 
nitric acid, 5 cubic centimeters hydrofiuoric acid 
and 200 milligrams of copper nitrate in I0 cubic 
centimeters of water. An etching in such a. solu- 
tion for about thirty seconds gives a suitable sur- 
face. 
The active surface of the crystal element may 
also be subjected to an e]ectrolytic etching, which 
improves the device for some purposes by con- 
siderably reducLg the back current. This etch- 
ing may be done after the nitric-hydrofiuoric 
etching previously noted, oï may be done directly 
on a lapped crystal without the intermediate 
etching. The crystal may be etched ata posi- 
tive potential of from 4 to 6 volts direct curïent 
for from 39 to 120 seconds in 24 per cent hydro- 
fiuoric acid. 
Although specific embodLrnents of the inven- 
tion have ]een shown and described, it will be 
understood that they are but fllustrative and that 
vaïious r, qodificatiol]s may be ruade therein with- 
out departing from the scope and spirit cf this 
Lnvention as defined in the appended claires. 
leference is ruade to applications Seril 
28,705 filed oEay 22, 1948, and Serial No. 28,ï07 
filed May 22, 1948, respectively each a division of 

gen-free atmosphere and in the presence of a 
deoxidizing agentl coo!ing the melt to form an 
25 ingot having zones of material of different elec- 
trical polarity, heat treating the ingot in an 
oxygen-free atmosphere to reverse the. polarity 
of a large portion of the material in one Of said 
zones to produce a larger portion of material of 
30 one polarity, cutting a body from this. portion, 
and making electrical connection to spaced por- 
tions of said body. 
4. The method of making an asymmetrical 
electrical conductor that comprises preparing a 
melt of germanium includini a trace of an im- 
purity consisking of ai least one of the elements 
of the odd series of the fifth periodic gr0up 
according fo iVïendeleeff, in a substantially oxy- 
gen-free atmosphere andin the presence of a 
deoxidizing agent, cooling the melt fo form an 
ingot having zones of low-back-voltage -type 
material, of high-back-voltage n-type material, 
and of p-type material, heat treating the ingot 
in an oxygen-free atmosphere fo convert most of 
the high-back-voltage n-type material to p-type 
45 material, cutting a body from the p-type mate- 
rial, and making electrical connections fo. spaced 
portions of said body. 
5. The method of making an asymmetrical 
electrical conductor that comprises preparing 
50 melt of germanium including a trace of an im- 
purity consisting of at least one.of the elements 
of the odd series of the fifth periodic group 
according to 1Vïendeleeff, in a substantially oxy- 
gen-free atmosphere and in thepresence Of 
55 deoxidizing agent, cooling the melt to form an 
ingot having zones of low-back-voltage n-type 
material, of high-back-voltage n-type material, 
and of p-type material, heat treating the ingot 
in an oxygen-free atmosphere by .heating if to 
60 800°_900° C. and cooling rapidly .to convert the 
most of the high-back-voltage n-type material to 
p-type r]aterial, cutting a body from the p-type 

this application wherein certain features of the materiaL and making electrical connections fo 
devices and methods descïibed hereinabove are 65 spaced portions of said body. 
6. The method of making an asymmetrical 
claimed, electrical conductor that comprises preparing a 
What is claimed is: melt of germanium including a trace of an ira- 
1. The méthod of making an asymmetrical 
electrical conductor that comprises preparing a purity consisting of ai least one of the elements 
melt of germanium including a trace of an ira- 70 of the odd series of the fifth periodic group 
purity consisting of at least one o the elements according fo 1Vïendeleeff, in a substantially oXY- 
of the odd series of the fifth periodic grouu gen-free atmosphere and in the presmoEce of a 
- deoxidizing agent, cooling the melt to form an 
according to 1Vïendeleeiï, in a substantially oxy- ingot having zones of low-back-voltàge n:eetYpe 
gen-free atmosphere, said melt also containing 
a small amount of tin; cooling the me!t to form 75 material, of high-back-voltage n-type material, 
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and of p-type material, heat treating the ingot 
in an oxygen-free atmosphere to convert the 
p-type material fo n-type material, cutting a body 
from the ingot, and making electrical connections 
fo spaced portions of said body. 
7. The method of making an asymmetrical 
electrical conductor that comprises preparing a 
melt of germanium including a trace of an im- 
purity consisting of at least one of the elements 
of the odd series of the fifth periodic group 
according fo Mendeleeff, in a substantially oxy- 
gen-free atmosphere and in the presence of a 
deoxidizing agent, coolil the melt to form an 
ingot having zones of low-back-voltage ntype 
material, of high-back-voltage n-type material, 
_ and of p-type material, heat treating the ingot 
in an oxygen-free atmosphere by heating it to 
800°-900 ° C. and cooling slowly fo convert the 
p-type material fo n-type material, cutting a 
body from the ingot, and making electrical con« 
nections fo spaced portions of said body. 
8. The method of making an asymmetrical 
elect-rical conductor that comprises preparing a 
melt of germanium including a trace of an im- 
purity consisting of at least one of the elements 
of the odd series of the fifth periodic group 
according to Mendeleeff, in a substantially oxy- 
gen-free atmosphere and in the presence of a 
deoxidizing agent, cooling the melt to form an 
ingot r having zones of low-back-voltage n-type 
material, of high-back-voltage n-type material, 
and of p-type material, heat treating the ingot 
in an oxygen-free atmosphere by heating, if fo 
8D0°-900 ° C. and cooling slowly to convert the 
p-type material to high-back-voltage n-type 
material, cutting a body from the high-back- 
voltage n-type material, and making electrical 
connections to spaced portions of said body. 
9. The method of making an asymmetrical 
electrical conductor that comprises preparing a 
mel of germanium including a trace of an im- 
purity consisting of ai least one of the elements 
of the odd series of the fifth periodic group ac- 
cording-fo Mendeleeff, in a substantially oxygen- 
free amosphere and in. the presence of a deox- 
idizîngagent, cooling the melt. fo form an ingot 
having zones of low-back-voltage n-type mate- 
rial, of high-back-voltage n-type material, and 
of.p-Fpe material, heat treating the ingot in an 
oxFg_en-free atmosphere by heating it fo 400 °- 
700 ° C. for from four to twenty hours to convert 
fhe p-type maferial  n-type material, cutting 
a body from the ingot and making electrical con- 
nectoEons to spaced portions of said body. 
10. The method of preparing germanium mate- 
rial for use in electrically-conductive devices that 
comprises preparing in a crucible by the appli- 
cation .of heat, a .melf of germanium containing 
a trace of .at least one of the elements arsenic, 
antimony, bismuth and phosphorus, in an atmos- 
phere of helium, and. in the presence of a deox- 
idizing agent, and progressively cooling the melt 
fromthe botom toward the top by gradual with- 
drawal of the heating.source, thereby producing 
an ingot having a zone-of p-type material adja- 
cent its bottom, a zone of low-back-voltage n- 
type maferial adjacent its top and an intervening 
zo.ne of high-backvotage n-type material. 
11. The method of preparing germanium ma- 
terial for use in electrically .conductive devices 
that comprises preparing in a crucible by .appli- 
cation of heat a melt of germanium containing 
about :00005 per cen-t but hot more than .001 
per cent of arsenic n an atmosphere of helium, 
and in the presence of a deoxidizing agent, and 

progressively cooling the melt from the bo_tt_om 
toward the top by gradual w!thdrawal of the 
heating source, thereby Producing an ingo bv- 
ing a zone of p-type material adjacent ts bot- 
5 tom, a zone of low-back-voltage n,type material 
adjacent ifs top and an intervening zone of high- 
back-voltage n-type material. 
12. The method of preparing germanim ma- 
terial for use in electrically conductive devices 
10 that comprises preparing a crucible by appli- 
cation of heat, a melt of germaniu_m _contai_nig 
about .001 per cent, but hot more than .01 per 
cent of antimony in an atmosphere of he.lium 
and in the presence of a deoxidizing agent, and 
15 progressively cooling the melt from the bott0m 
toward the top by gradual withdrawal of the 
heating source thereby producing an ingot having 
a zone of p-type material adjacent its b0tt0m, 
a zone of low-back,voltage n-type material 
20 jacent its top and an intervening zone of high- 
back-voltage n-type material. 
13. The method of making an element of a 
conductive device, which element contains p-type 
and n-type germanium material separated by 
25 a distinct barrier, that comprises cutting a body 
from the high-back-voltage n-type zone of a 
suitable ingot of germanium material and heat 
treating af a temperature between 400-800 ° C. 
fo convert a part only of the n-type material fo 
30 p-type material. 
14. In the method of making germanium ma- 
terial suitable for electrically conductive devices 
wherein the germanium material is electrically 
positive or negative depending on its previous 
35 heat treatment, the step of convertflg from nega- 
tire .to positive that comprises heat treating the 
material ai 800°-900 ° C. and thon rapid!y coóling 
it. 
15. In the method of making germanium ma- 
40 terial suitable for electrically conductive devices 
wherein the germanium material is elecrically 
positive or negative depending on ifs pre10us 
heat treatment, the stop of converting from posi- 
tive fo negative that comprises heat treating the 
5 material ai 400°-700 ° C. for an extended rime. 
16. The method of preparing n-type germa- 
nium material for use in electrically conductive 
devices that comprises preparing in a graphite 
crucible by the application of heat a melt consist- 
50 ing essentially of germanium and a trace of at 
least one of the elements arsenic, antimony, bis- 
muth and phosphorus, in a substantially non- 
oxidizing atmosphere, and gradually cooling the 
melt fo form an ingot. 
55 17. The method of preparing germanium ma- 
terial for use in electrical translating devices that 
comprises preparing a melt consistently essen- 
tially of germanium and a trace of ai least one 
of the elements arsenic, antimony, bismuth and 
60 phosphorus by the application of heat and pro- 
gressively cooling the melt from one end fo the 
other. 
18. The method of preparing germanium ma- 
terial for translating devices that comprises Plac- 
65 ing a charge consisting essentiallY of germanium 
containing a trace of a conductivits, type de- 
termining impurity in a crucible, inductively 
heating said crucible to melt said chagé, and 
progressively cooling the melted charge from one 
70 extremity to the other to form an ingot. 
19. In the mehod of making germanium ma- 
terial for translating devices, the step which 
comprises heating germanium material c0nfain- 
ing a trace of a con.duc,tivity typ.e determining 
7i impurit and being of one co_nductivity .type, 
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in an atmosphere oï helium and ata temperature Number 
in the range between 400 degrees C. and 700 de- 2,209,712 
grees C. to convert the material fo the oppoie 2,395,259 
conductivity type. 2,402,839 
JACK H. CAFF. 5 
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